N-acetyl-p-benzoquinone imine, the toxic metabolite of acetaminophen, is a topoisomerase II poison.
Although acetaminophen is the most widely used analgesic in the world, it is also a leading cause of toxic drug overdoses. Beyond normal therapeutic doses, the drug is hepatotoxic and genotoxic. All of the harmful effects of acetaminophen have been attributed to the production of its toxic metabolite, N-acetyl-p-benzoquinone imine (NAPQI). Since many of the cytotoxic/genotoxic events triggered by NAPQI are consistent with the actions of topoisomerase II-targeted drugs, the effects of this metabolite on human topoisomerase IIalpha were examined. NAPQI was a strong topoisomerase II poison and increased levels of enzyme-mediated DNA cleavage >5-fold at 100 microM. The compound induced scission at a number of DNA sites that were similar to those observed in the presence of the topoisomerase II-targeted anticancer drug etoposide; however, the relative site utilization differed. NAPQI strongly impaired the ability of topoisomerase IIalpha to reseal cleaved DNA molecules, suggesting that inhibition of DNA religation is the primary mechanism underlying cleavage enhancement. In addition to its effects in purified systems, NAPQI appeared to increase levels of DNA scission mediated by human topoisomerase IIalpha in cultured CEM leukemia cells. In contrast, acetaminophen did not significantly affect the DNA cleavage activity of the human enzyme in vitro or in cultured CEM cells. Furthermore, the analgesic did not interfere with the actions of etoposide against the type II enzyme. These results suggest that at least some of the cytotoxic/genotoxic effects caused by acetaminophen overdose may be mediated by the actions of NAPQI as a topoisomerase II poison.